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INTRODUCTION AND REVIEW OF LlTERATURE 

That distraction of tractured bony surfaces 

predisposes to delayed union and non union is an accepted 

principle in Orthopedic Surgery. Ever.y text book on the 

subject stresses the dangers of distraction and condamns 

aIl methods of treatment which may produce separation of 

the fractured surfaces. Is it not reasonable to assume 

that the opposite force, namely that of compression of 

the bony surfaces, would hasten hea1ing? Much work has 

been done in an effort to prove that a compression force, 

one that tends to impact the bony surfaces, is va1uab1e in 

the healing of fractures. 

In 1932 Key advocated the use of compression in 

the artbrodesis of tuberculous knee joints. Using turn­

buck1es to produce compression he reported union in an 

unusua1ly short time in 4 of a series of 5 cases. His 

work went relatively unnoticed for a period of 16 years 

and then in 1948 Charn1ey took it up again. Using a 

similar approach with pressures varying from 60-80 lbs. 
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Photograph (#1).- Shows the apparatus used by Key to 
obtain compression. Charn1ey, later, used a s1mi1ar 
type of apparatus. 
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he reported a series of 15 cases in which clinical union 

was achieved in 4 weeks, bony union in 8 weeks and return 

to work in 3 months. Thus cutting down the period required 

for healing by other methods a full 50%. 

Eggers fashioned a bone flap in the skull of rats 

bringing parts of the flap into contact with bone of the 

skull under compression. He noted that contact compression 

favourably influenced union. The actual compression force 

was not measured but he assumed that the most useful force 

would be very close to the physiolgical force exerted by 

muscle pull in the area involved. He subsequently devised 

a slotted bone plate for use in open reduction of fractures 

to take advantage of the compression exerted ~ muscle 

contraction and to insure accurate apposition of the fragments 

during healing. With this slotted plate the deficiency occur­

ing at the bony ends due to absorption i8 automatically 

obliterated. 

Freidenberg and his associates, assuming that 

compression plays a beneficial role in fracture healing, set 
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Photograph (#2).- Shows the bone flap in the skull 
of rats devised by Eggers. 
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Photograph (#3).- Shows the slotted plate devised 
by Eggers. 

Photograph (#4).- Shows the slotted plate applied 
across a fracture line. 
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out to ascertaln what pressures would yleld the maximum 

benefit. From their work on the ulnae of dogs it appears 

that a force of trom 12-18 lbs. applled across the fracture 

line results ln more rapid union than in those cases with 

greater or lesser pressures. Since compression normally 

exerted by muscle pull ls about 6 lbs. Freidenberg 

concluded that the optimwn compressing fQrce ls above 

that whieh normally results from muscle pull. 

It ls hard to understand how muscle pull could 

produce a continous compression force across a fracture 

line, for once the muscle spasm ln response to the 

fracturlng force ls spent, compression from this 

source would automatically cease. At best, such 

a compression force would be fleeting and short 11ved. 

It la also a fact that muscles respond by atrophy to the 

L~obilization which is necessary for fracture healing to 

occur. Surely such an atrophie group of muscles would 

produce little in the way of a sustained compression force. 

Furthermore when a fracture occurs in an atrophie 
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Photograph (#5).- Shows the apparatus and the type of 
operation employed in the work by Freidenberg. 
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and wasted 11mb of a child with poliomyelitis it unites 

normal~ in spite of a muscle pull which of necessity 

would be almost nil. 

Impressed with the value of compression in 

fracture healing Henderson and Putti each devised lag 

screws for the treatment of fractures of the femoral 

neck. With these screws the head and neck of the femur 

are firmly impacted. They report encouraging results by 

this method. 

Brittain in his book, IIArchitectural Principles 

in Arthrodesis", stresses the value of bone grafts in 

joint fusion. In describing the method of placing the 

graft across the joint he states in bold print - "certain 

elementary principles must be observed, the first is that 

the graft should be placed with its long axis in compression 

rather than in tension ll
• 

Danis, working in Brussels, designed a plate 

capable of impacting the fractured surfaces under what 

he cal18 axial pressure. He states, IIwe have taken up 
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. Photograph (#6).- Shows the coaptation splint of Danis. 

Photograph (#7).- Shows the coaptation splint being applied 
across a fracture line. 
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Vith a ~stem of plates which after being affixed to the 

bones can be shortened at will so as to press the fragments 

firmly together. We calI them Coaptation Splints. Th~ 

made a great change in our results. The healing qua lit Y 

has been greatly improved by the rapid and dis crete callus 

building - quite different from the bulky one you get from 

the medullar nailing pro cess. l am convinced that the 

axial pressure ls worth much further sound study". 

From observations and results such as mentioned 

above, the thesls that compression 1s valuable in hastening 

the healing of fractures gained support. To the compression 

force was attributed the ability to produce a greater 

immobi11ty of the fragments and to maintain rig1d, prolonged 

and continued impaction. The more enthusiastic even 

suggested the possibillty that pressure may in itself 

stimulate osteogenes1s at the fracture site. Charnley 

has put forth an hypothes1s in an attempt to expla1n how 

pressure may stimulate the healing pro cess. He points 

out that high compression forces act only on the high 
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"'1"-----"'" 1 '----'r OSTE OGEN ESIS ~ l ~ 
OSTEOCLASIS OSTEOCLASIS 

Photograph (#8).- Is a diagramatic representation of the 
theory presented by Charnley to explain how a compression 
force may aet to stimulate the healing of fractures. 
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spots between apposed bony surfaces. At these points 

osteoclasis may be stimulated with consequent absorption 

of these high spots thus allowing the reat of the bony 

surface to come into intimate contact. Simultaneously 

with the removal of bone by oateoclasis the bone substance 

thus made available may be redeposited by osteoblasts 

a few millimeters away at points where there is no pressure. 

Although the data accumulated 8eems to indicate 

that bone formation is encouraged qy compression it i8 b,y 

no means accepted by aIl surgeons engaged in treating 

fractures. 

In 1890, Hugh Owen Thomas wrote, "the practice 

of jamming the fragments will ere long be found not to be 

any advantage upon the methods of the past". 

Leadbetter feela that positive pressure has 

very litt le to do with osteogenesis and points out that 

impacted fractures of various bones often show a definite 

absorption line through the area of impaction rather than 

any increased osteogenesis. 
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Strick1er states that pressure causes bone 

absorption, interferes with blood supply and with bo~ 

union. 

Ford and his group, investigating the role of 

pressure in healing of fractures, used autogenous rib 

grafts and compared the progresa of union of the gratta 

with and without pressure. The rib gratts were implanted 

into both iliac bones on one side (the pressure side) 

the graft was bent and itsends sprung into drill holes. 

On the control side the graft was placed in drill holes 

without pressure. These authors concluded that pressure 

made no difference in the manner and the rate of healing. 

Watson-Jones takes definite exception to the 

idea of compression and in his recent book the discussion 

of the problem ls entitled, "The fallacy of the compression 

factor in accelerating the union of fractures." He points 

out that bene resorption oceurs in response to pressure, 

as when a pulsating aneurysm beats against the bones of 

the spine, or when a meniscus expands and presses firmly 
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on the tibial tuberosity and as when a simple ganglion 

weighs heavily on the underlying bone. 

Phemister advocates simple onlay bone grafts 

wi.thout screw or tie fixation in the treatment of un­

united fractures and his work has been quoted time and 

time again in an effort ta belittle the value of a 

compression force. For here apparently union of bony 

surfaces is achieved with no more than contact apposition. 

To accurately evaluate the data accumulated 

by the antagonists of the pressure theory, certain 

points must be considered. 

In the case of the experiments performed by 

Ford and his group, where autogenous rib grafts were 

used, it should be noted that this work deals with 

compression of a graft against viable iliac bone 

whereas in a fracture compression ia applied against 

two viable surfaces. Abbott, in discussing this 

work, points out that the amount of pressure on the 

pressure side was inconstant because, as the Authors 
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state, "the ribs lose their elasticity with time". 

Watson-Jones stresses the fact that compression 

of bony surfaces produces bone resorption. It must be 

remembered that those who advocate compression do not 

dispute the tact that some reaorption does occur at the 

fracture line and the devices suggested to achieve 

compression make allowance for the occurance of a degree 

of resorption. There is, for example, the slotted 

plate of Eggers which ia designed to allow for the 

occurance of reaorption. The fact that pressure produces 

some resorption of bone doea not automatically prove 

that it also interferes with bony union. 

In connect10n with Phem1ster's work, if one 

reads the original article carefully it 1s noted that 

he pleads for accurate apposition of the host and graft 

surfaces and insista that the graft be held firmly 

against the host bone. It ia quite true that here 

there is no fixation of the graft to the host surface 

~ foreign material, yet it ia easy to v1sualize such 
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a grart rirm~ compressed against the host bone by a 

force obtained from the over~ing soft tissues and by 

the application of a 8nug fitting plaster cast. It 

would appear that the 8uccesa of thls method 18 at 

1east in part due to the fact that it allows for firm 

compression of the apposed bony surfaces. 

The de1ay in union that occurs in lower 11mb 

fractures when early weight bearing i8 a110wed has 

alao been used as an argument against compression. It 

8eems unjustified to blame compression for the delayed 

union that occurs when lower 11mb fractures are treated 

~ early weight bearing. For in these cases delayed union 

is more likely due to inadequate immobillzatlon a1lowing 

for movement of the fragments and thus damaging the 

young callus by the intermittent jarring of the fragments 

against one another during the act of walking. Surely 

such a compression force, intermittent, uncontrolled 

and without the certainty or complete immobilization, 

is by no means the type of compression advocated by 
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those who fee1 that pressure at the fracture site i6 

usefu1. 
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THE EXPERIMENTAL APPLICATION OF A COMPRESSION FORCE ACROSS A FRACTURE 

In an effort to study the effects of a compression 

force aoross a fracture line an internaI splint vas designed. 

This apparat us is able to compress the fractured surfaoes 

together under pressure. It consists of a 3 inch bone plate 

vith a t inch slot at one end and 2 sorev holes at the other, 

a spring made of coiled stainless steel vire .003 inches 

thick and 1 inch long vith a compression force of 15 lbs. 

vhen stretched to li inches and special hooked lugs, vhich 

fit betveen the heads of 2 screvs and the plate, designed 

to hold the spring under tension along the long axis of 

the bone. 

The experimental animaIs were large sized adu1t 

dogs. Under intravenous nembutal anaesthesia the ramurs 

of these doge were exposed and fractured transversely 

at the mid sbaft. The fraoture vas 8chieved b.Y plaoing 

consecutive drill holes acrOBB the mid zone of the bene 

and then joining these with the use of the osteotome 

and mallet. The compression apparat us vas then applied 
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1 
Photograph (#9).- Showing the component parts or the 
compression apparatus emp10yed in our work on dogs. 
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to the bone. The plate waB fixed firmly to the proximal 

fragment with 2 screws, the screw farthest from the 

fracture line holding one of the hooked lugs for reception 

of the spring. Two screws were then inserted into the 

distal fragment through the slot in the bone plate, 

care being taken to avoid contact of the screw heads 

with the plate and to leav~ about t of an inch of space 

between the proximal screw and the proximal end of 

the slot. A hooked lug for reception of the other 

end of the spring wes applied to the distal screw in 

the slot. 

Post operatively no external fixation in 

the form of a cast, splint or caliper was used. The 

animaIs reacted rather badly to the restraint offered 

by such an apparatus and furthermore they generally 

did not bear any weigbt on the affected limbs in 

the early stages, after the operation, because of 

pain. 

Recovery of function was recorded as follows: 
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No weight bearing ...............................••.•..... 0 

Slight weight bearing with marked limp •••••.•••••••••••• + 

Moderate weight bearing with moderate limp •••••••••••• + + 

Full weight bearing with slight limp •••••••••••••••• + + + 

Full weight bearing with no limp •••••••••••••••••• + + + + 

The progress of union was followed et intervals 

by x-raYe Animals were sacrificed at varying periods for 

removal and inspection of the bones in question. Certain 

of these were then sent to the laboratory to be decalcified, 

sectioned and stained for microscopie examination. 

Sixteen fractured femurs in dogs were treated 

with the compression apparatus. Ten of the se fractures 

.went on to complete experL~ents. From these were obtained 

fractures of l, 3, 5, 6, 8, 10, 11 and 20 weeks. The results 

are charted in table #1. It can be seen from the charts 

that the recovery of weight bearing function in this group 

(Group A) is far in advance of the control groups Band C 

ta be described below. 11any of these animaIs were walking 

with but a slight limp, as early as the third post operative 
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Photograph (#10).- Showing the compression apparat us in 
place. Note the space between the 2 screws on the lert 
and the plate. 
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Photograph (#11).- Shows the appearance of the compression 
apparatus on removal of the bone !rom the experimenta1 
animal. 



Photograph (#12).- Is the x-ray of a bone with the 
compression apparatus app1ied across the fracture 
11oe. 
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week. By x-ray there is evidence of advanced union after 

5 weeka. Photograph (#13) shows the x-ray of femur of dog 

#28 treated for 5 weeks with the compression apparatus. 

The fracture site has been reduced to a hair line and boqy 

trabeculae can be seen bridging the gap between the fragments. 

Union is progressing satisfactorily in thia case. Photograph 

(#14) shows the x-ray of right femur of dog #7 after 8 weeks 

of treatment with compression. The fracture line has been 

completely obl1terated and there is solid bony union. 

Photograph (#15) shoys the x-ray of the left femur of dog 

#4 after an 11 week period of compression. Complete bony 

union has obviously been achieved in this case. Further­

more the restoration of the normal architecture by the 

procesa of remodeling, in this group, is occuring more 

. rapidly than in similar fractures of the control groups. 

Control experiments were also done. In these 

cases the bones were fractured, as described above and 

treated by internal fixation using either a slotted plate 

without a spring or an intramedullary nail. A total of 
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Photograph (#13).- Shows x-rays of the femur of 
dog #28 treated for 5 weeks with the compression 
apparatus. Union i5 progressing satisfactori1y. 



Photograph (#14).- Shows x-ray of the femur of dog #7 
treated for 8 weeks with the compression apparatus. 
Union has occured. 
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Photograph (#15).- Shows x-ray of the femur of dog #4 
treated for 11 weeks with the compression apparatus. 
Union has occured. 
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Photograph (#16).- Shows the slotted plate used to immobi1ize the fractures in one of the control groups. 
(Group B) 
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Il control experiments were carried out. Of these, 

6 fractures were immobilized using plates without spring 

compression. From these vere obtained fractures of l, 

4, 6, 8 and 9 weeks. The results are charted in table #2 

AlI dogs showed poor recovery of weight bearing function 

and every dog, regardless of the time he was sacrificed, 

walked wi th a marked limp and was able to bear but 

limited weight on that limbe 

Photograph (#17) shows the x-ray of the femur of 

dog #5. This fracture was treated with a slotted plate 

for a 4 week period. There ia no x-ray evidence of bony 

union in this case. Photograph (#18) shows the x-r~ of 

the femur of dog #3. This fracture was also treated with 

a slotted plate for a 9 week periode There is here no 

x-ray evidence of bony union. At autopsy not one of the 

bones in this control group (group B) were united. 

The remaining 5 fractures were immobilized Qy 

the use of intramedullary na1ls. From these vere obtained 

fractures of 3, 5, 7, 8 and 9 weeks. The results are 
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!lBIE 12. 
CON"mOL GROUP B - P'RlC'MJRr.5 OF DOG Fl'JoIURS TREATED WI'lH BONE PLATES - NO COMPRESSION 

DATE or ~I~' TfPE 01 CLlJfIClL O~ERnTIOIIS-RB WT BURDIG I-RAY AUTOPSY PAnfOlDGI 
DOOI JZQ OPER'N DIi1'B PUTE l''kl :,,)[2 1,,11:'1 !"u 1,,11:5 1,,)(6 I"II:? l "Id! :,,)[9 lPPElRlHCE FINDINGS ll'INDINGS 

Marob + + + + + r+ + + J Lett S}SI. 9 Slotted 0 UD-UDlted UD-Uolted -
;rsl. Ion 

J Rlgbt 1 Slot.t.ed 0 • • --
JUDe + 5 Rigbt 6/51. 4 Slotted 0 0 0 • • ~D-Uolted 

8 Rlgbt 
Jax 
20 51. S Slott.ed 0 0 0 0 + + + + Ad.,.nclnc 

UnloD • • 

8 Lett. 
A~. 
J 51. 6 Slot.ted 0 0 0 0 0 0 UD-UDit.ed • --
mt

• 
RoD 

12 ·R1cb~ 6 51. 6 Slot.t.ed 0 0 0 0 0 0 • • --
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Photograph (#17).- Shows x-ray of the femur of dog #5 
treated for 4 weeks with a slotted plate. Thara is no 
evidence of bo~ union. 
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Photograph (#lg).- Shows x-ray of the femur of dog #3 
treated for 9 weeks with a slotted plate. There is no 
evidence of boDy union. 
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charted in table #3. In the post operative period these 

dogs also showed only limited weight bearing with marked limp 

(a one plus grading) except for dog #16, this animal took on 

a two plus grading after 7 weeks. Photograph (#20) shows 

the femur of dog #24 after treatment with an intramedullary 

nall for 8 weeks. Photograph (#21) shows the x-ray of the 

above famur. The fracture line is here still quite evident. 

At autopsy none of the bones in this group (group C) were 

united. 

In comparing the above results, it is to be 

noted that the fractures of group A treated with the 

compression apparatus show, by x-ray, advsnced union 

in 5 weeks and complete bony union by the eight week. 

The fractures in the control groups B and C treated 

without compression begin to show evidence of union 

only after an B week periode 

Compar1sion of histologicsl sections of famurs 

treated with and without compression show certain variations 

in the hesling process of the two groups. These differences 
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TABLE 13. 
COI'l'ROL GROUP C - FRAC'nIRES OF DOG FEMURS TRUTED WIm IMTRA MEDULLARr MUL. 

DATE or 
,_ WIS. 
TILL r-TYP! OF CWIC&L OBSElVlTIONS-RE WT BEARDG I-RAY iUTOPSY PiTJl>UlGl 

1XJGI LlO OPER'. DEUB OPER'II vit] Ivk7 Ivk8 Ivk9 APPEARilICE PDlDIlIGS FDlDIIIGS 

Ma7 lDtr. + + + + ++ f++ id't'8noiDg idvaDc1Dc 
16 .. ft 307s2. 8 Med ... 11 0 0 Union Un-United Union 

JUDa + + --17 Left 6752. 7 • 0 0 0 0 0 • • 
iuI· 

0 - -19 .. ft S/52. 3 • 0 0 • 

22 Lart :is~. 8 S2. S • 0 + + + --0 • Un-United 

U ~~; .- + + + + + + idvanoiDg idvanciDg 
Left 1 2. 9 0 0 0 Union • Union 
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-
Photograph (#19).- Shows the intra medu11ary nai1 used 
to immobi1ize the fractures in the other control group. 
(Group C) 
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Photograph (#20).- Shows photograph of a fraoture 
treated with intra medul1ary nail. 
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Photograph (#21).- Shows x-ray of a femur treated for 
7 weeks with an intra medulla~ nai1. Fracture 1ine 
is still very evident. 
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are we11 demonstrated by sections of the right femur of 

dog #4 treated by compression for a 3 week period and 

sections of the right femur of dog #5 treated with a 

slotted plate without compression for a 4 week periode 

In both cases there is an obvious paucity of externa1 ca11us 

on the side to which the plate was app1ied. In the former 

section photograph (#22) the external ca11us, on the side 

opposite the plate, is also seant y in amount and dominated 

by a high1y cellular osteob1astic tissue in which bone 

formation is occuring at a rapid rate. The carti1aginous 

tissue is here confined to a narrow ribbon in the ragion 

of the fracture 1ine. Photograph (#23) shows, with 

greater magnification, the highly cellular osteob1astic 

tissue dominating the externa1 ca11us of a fracture 

treated with compression. It also shows very weIl the 

narrow band of cartilage confined to the reglon of the 

fracture line. In the latter section photograph (#24), on 

the side opposite the plate, there has been formed a massive 



Photograph (#22).- Is the histologieal section of 8 

fracture treated with compression for a 3 week period. 



Photograph (#23).- Is a high power study of the previous 
section. 
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Photograph (#24).- Is the histological section of a fracture 
treated w1th a slotted plate (no compression) for a 4 week 
period. 



amount of external cellus which stands out in striking 

contra st to the previous section. In this section the 

external and internaI calluses are almoat entirely 

composed of hyaline cartilage which extends as a broad 

sheet for sorne distance beyond the fracture line. 

Bony union is occuring in aIl these fractures. 

In the former case the pro cess i8 dominated by membranous 

new bone formation with but 1ittle cartilage in the region 

of the fracture line. In the latter case a large amount 

of cartilage has been formed and the proceSB ia pre­

dominantly one of endochondral bone formation. 
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THE ROLE OF THE HEMATOMA IN THE HEALING OF FRACTURES 

A fracture is defined a8 the interruption 

in the continuity of bone. From the very moment that 

a fracture i8 sustained nature sets into motion a 

series of complex processes aimed at healing the break 

in bony continuity. The fact that there is no unanimity 

of opinion as to exactly what happens when a fracture 

heals is suggestive that there is still much to be 

learned about this subject. 

Let us, for a moment, review a few textbook 

descriptions of fracture hea1ing as put forth by 

various authors. 

Watson-Jones points out that in the very 

ear1y stages of fracture healing there is an accumulation 

of an exudate, wh1ch 18 partly fluid and partly clotted 

hematoma, between the bone ends and beneath the raised 

periosteum. Surrounding and invading the hematoma is a 

rapidly growing 1008e fibrous tissue of the cellular 

granulation type. Layers of granulation tissue, formed 



by each fragment, complete the resorption and organization 

of the hematoma and if the fragments are immobilized in 

apposition, both layers me et and unite. 

He points out that in the marrow space trabeeulae 

of hypertrophie cartilage cells develop and sometimes 

almost oeclude the medullary cavity. This marks the first 

stage of callus formation by the endosteum. Similar callus 

formation takes place beneath the periosteum, especially 

in young patients where the membrane is easily stripped. 

The fibroblastic granulation tissue between the fragments, 

by which continuity has already been established, is then 

invaded and replaced by the irregular trabeculae of 

cartilage in which a proportion of bene cells and bone 

matrix gradually appears. 

Hypertrophie cartilage eells form the prominent 

feature of the histologie al picture until about the sixth 

week, but osteoblastic activity and matrix formation 

continue for a further 3 or 4 weeks. The earlier hypera~ia 

and vaseular engorgement soon disappear. There oeeurs an 
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increasing calcification and an exuberant growth of a 

formless, almost tumor-like mass of irregular bone and 

calcified cartilage which completes this stage of bone 

union. 

Ham's description of the process of fracture 

healing may be summarized as follows: a few hours after 

a bone is broken a pool or clot of blood is present in 

and about the fracture area. It is the result of the 

blood vessels of the periosteum, bone and adjacent 

tissue being torn at the time of the injury. The torn 

vessels bleed from their open end a until th~ become 

sealed off by agglutination and coagulation. The 

swelling of the part caused ~ the escape of free blood 

is added to by plasma that leaks through the walls of 

near-by injured, but not ru ptured , capillaries and 

venules. 

Ham emphasizes the fact that bone tissue 

has cells (osteocytes) scattered throughout its 

substance in lacunae and that aIl bone surfaces and 



the haver sian canals are lined with osteogenic cells 

or osteoblasts. 

The cells in bone (osteocytes) and the cells 

that line the bony surfaces and the haversian canals 

(osteoblasts) behave very differently after a fracture. 

The osteocytes near the line of fracture generally die 

leaving empty lacunae. The lining cells of the periosteum, 

endosteum and haversian canals undergo a very rapid 

proliferation. In particular the cells of the inner 

layer of the periosteum proliferate wildly so that in 

a short time the osteogenic layer of the periosteum a 

few millimeters away from the site of the fracture has 

become many times its original thickness and as a 

consequence has lifted the fibrous layer of the periosteum 

away from the bone. 

The local thickening of the osteogenic layer 

of the periosteum of each fragment, a few millimeters 

away from the line of fracture, is great enough after 

a few days to have formed an obvious collar around each 
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fragment at this site. Continued proliferation of the 

osteogenic cells in these two collars causes them to 

continue to enlarge in size. They expand in two 

directions: outwardly, and toward the site of the fracture. 

With time the collars advance toward each other and 

eventually meet. In this way cellular continuity between 

the fragments i_s once more restored. 

Proliferation 1s not the only phenomenon exhib1ted 

by the osteogenic cells, for as soon as they begin to 

proliferate sorne of them begin to differ~ntiate. Those 

osteogenic cells, which are closest to the shaft of the 

fragment where there are capillaries (a vascular area), 

differentiate into osteoblasts and form trabeculae of 

bone. As a result of this, the part of each collar that 

is closest to the shaft of the fragment soon becomes 

converted into cancellous bone. 

The osteogenic cells in the parts of each collar 

further removed from the shaft, experience a different fate. 

For differentiating in an area devoid of capillaries (an 
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avascular area) they become chondroblasts and thus 

form cartilage. This cartilage is later calcified, 

absorbed and replaced by bone. 

Boya, in his description of fracture heal­

ing, points out that when a fracture is austained 

there is a tearing of the periosteum and surrounding 

tissues which results in the pouring out of blood 

into the area. A certain amount of inflammation 

also oceurs and thus a mixture of blood elot and 

inflammatory exudate is formed around and between 

the broken enda of bone. 

The exudate i8 quiekly invaded by cells 

and new capillaries and a kind of granulation tissue 

i8 formed. The new cells are osteoblasts derived 

partly from the deeper layer of the periosteum and 

partly from the cortical layer of bone. The pro­

liferation of osteoblasts is of an extraordinari~ 

rapid and massive character and there is no other 

non-malignant process which i5 quite comparable with 
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it. 

In the course of 4-5 deys this becomes converted 

into osteoid tissue, which is tissue resembling bone in 

its structural arrangement with e homogeneous matrix but 

not possessing any lime salts. This osteoid tissue or 

callus becomes increased in amount and acts as an efficient 

splint. Finally lime salts are laid down and the ends are 

knit together by fully formed bone. 

In the immediate neighbourhood of the fracture 

the bone cells die. Near the fracture the osteogenic 

cells proliferate in massive fashion and may form cartilage 

instead of bone. This cartilage formation i5 most marked 

when there is movement or separation of the fragments. 

The new cartilage i5 invaded and replaced by bone. This 

is ossification in cartilage, as compared with the process 

just described which corresponds to ossification in 

membrane. 

Clay Ray Murray, in discussing the subject of 

fracture healing, points out that with the fragmentation 
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of bone some local damage to tissue occurs producing 

tissue death and hemmorage. In response to the autolytic 

products of tissue death and hemmorage there ia the out­

pouring of an inflammatory exudate into the area. These 

changes produce stagnation and engorgement of the local 

minute circulation in the tissue spaceSf lymphatics and 

ultimate capillaries. 

The hemmorage and exudate then undergo clotting 

with the production of a fibrin network. This is followed 

by the appearance and growth of undifferentisted connective 

tissue cells slong the fibrin network joining the bone 

ends and the surrounding tissues. 

As a result of the accumulation of the products 

of tissue death and hemmorage the ph of the local tissue 

fluids i8 markedly lowered and remains sa until such time 

that the local minute circulation recovers sufficiently to 

disperse them. The acid ph of the tissue fluids favours 

the progressive decalcification of bone. The calcium 

thus made available accumulates in some undetermined 
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form in the connective tissue network. 

With restoration of the local minute circulation 

there is dispersion of the autolysed products of tissue 

death and hemmorage. Removal of these substances from the 

fracture area results in a gradual rise in the ph of the 

local tissue fluids. This i6 followed by the deposition of 

the accumulated calcium in the newly formed, undifferentiated, 

connective tissue network. This i5 callus formation. 

Hence we see that as a fracture heals, there is 

a procession of less complex tissues leading finally to bone. 

This procession includes blood clot or hematoma formation, 

granulation tissue, cartilage (in the region of the fracture 

line), calcification of the cartilage, absorption of the 

cartilage, appearance of osteoid and finally calcification 

of the osteoid. 

The role of the hematoma in fracture healing 

has been stressed by many authors writing on this subject. 

Watson ... Jones, in describing the disadvantages of open 

reduction of fractures states, "the dissemination and 
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dilution of the fracture hematoma may delay repair". 

We wish to put forth a theory of fracture 

healing which tends to distract from the importance 

of the hematoma in the healing pro cess. 

To serve the functions of weight bearing 

and support Nature has impregnated a specific soft 

tissue with calcium salts thereby forming a rigid 

tissue which is called bone. Bone is, therefore, 

fundamentally a soft tissue composed of an interlacing 

network of living cells. These cells line the haversian 

systems and are condensed on the inner and outer surfaces 

of the bone into a more regular linear pattern form-

ing the endosteum and periosteum. This soft tissue 

network is endowed with osteogenic properties. In the 

following description we shall refer to this tissue, 

collectively, as the osteogenic tissue. 

When a fracture 1s sustained hemmorage and 

exudation doea oceur at the fracture site - but the 

oateogenic tissue is not raised from the bone, it i5 
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stimulated to proliferate. This proliferation takes 

place very rapidly and as it grows laterally from the 

shaft it pushes the hematoma before it. The hematoma 

between the fragments cannot be pu shed away and there­

fore acts as a block to the growth of ~e osteogenic 

tissue along the long axis of the bone in the region 

of the fracture. 

It may be that if the hematoma can be 

evacuated and prevented from reforming without sub­

stituting another substance which would block the 

growth of this osteogenic tissue, then these vital 

bone forming cells from one fragment would unite 

directly with similar cells of the other fragment 

and bone trabeculae would be formed in this tissue 

directly without the intermediate stages of endo­

chondral bone formation. 

A similar situation exists in the healing 

of a skin wound. If the edges are weIl approximated 

proliferation of fibroblasts and epithelial cells 
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oocur from both sides - these soon meet and healing is 

achieved. If, however, a gap is produoed by loss of 

tissue substanoe, healing 1s delayed, the exiating 

defect must first be filled in by granulation tissue 

which ia then converted into fibrous tissue, only 

then can the epitheluim cover the surface - healing 

i8 again achieved. Thus in wound healing the direct 

approach to repair is impeded br the loss of tissue 

substance - which substance must be replaced by 

granulation tissue before the final stages of 

epithelialization ean oceur. Similarly in fracture 

healing the direot approaoh to repair ~ be impeded 

by the presenoe of the hematoma between the bone ends 

aoting as a barrier to the proliferating osteogenio 

cella and preventing them from bridging the gap 

directly. The value of the hematoma is therefore 

questioned. 

In an attempt to test our theory, certain 

experiments were devised in which the hematoma was 
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evacuated and replaced with a homogeneous structureless 

mess which would offer no barrier and require no 

organization or replacement by the rapidly growing 

osteoblastic cells. Rigid immobilization was then 

obtained by the use of a compression splint. 

Plasma was the first substance considered to 

replace the hematoma but it was BOon realized that a 

plasma solution which is able to clot contains fibrin 

and has a composition closely akin to whole blood. A 

new substance was sought and gelatine was chosen. 

Gelatine is a protein and has the property of taking 

up water to become a homogeneous gel. The gelatine 

was sterilized in a rubber stoppered flask and introduced, 

about the fracture site, in its original powdered forme 

For this group of experiments large sized 

adult rabbits were used. The operation on the femur was 

similar in detail to the one previously described for the 

dog experiments. The apparatus of stainless steel was 

also identical but on a smaller scale to conform to the 
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size of the rabbit femur. Bolts were applied to aIl screws 

to prevent them from being pulled out by the force of the 

spring. The coiled spring was calibrated so that when stretched 

to 1 inch it produced a compression force of 8 lbs. Photograph 

(#25) shows the apparatus employed in these experiments. 

Photograph (#26) shows the appearance of the compression 

apparatus on removal of the bone from the experimental animal. 

Photograph (#27) shows x-ray of apparatus in place. 

After the fracture was produced in a manner 

previously described and the compression apparatus applied 

across the fracture site, the wound was thoroughly irrigated 

with normal saline. It was then aspirated and dry packs 

were left in place for from 3-5 minutes to further dampen 

the small bleeding points. When the area, in the region 

of the fracture, was completely dry and free from blood, 

a rubber cuff was applied about the bone and held in 

place by Allis Forceps at either end. The powdered 

gelatine was now introduced, in small quantities, into 

the cylindrical opening in the rubber cuff. Water was 
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Photograph (#25).- Show the component parts of the compression 
apparatus employed in our work on rabbits. 
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Photograph (#26).- Shows the appearance of the compression 
apparatus on removal of the bone from the experimental animal. 
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Photograph (#27).- Ie the x-ray of a bone with the 
compression apparatus applied acroes the fracture 
line. 
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added at lntervals and in a few moments a homogeneouB 

gel was obtained. When the entire circumference of 

the bone, at the fracture site, was enveloped by the 

gel the rubber cuff was gently removed. The clot was 

then trimmed so that its extent was limited to about 

i of an inch on either side of the fracture line. The 

wound was then closed in layers. No external support 

was applied. Photographs (#28-32) show, in series, 

the stages of the above proceedure. 

As time went on the technique was altered 

slightly - the rubber cuft about the bone was abandoned 

for it was found that on removing it, at the conclusion 

of the experiment, the clot was often disturbed. In 

later work the gelatine was olosely applied to the 

fracture site with the finger. In this way the powder 

could be placed more aocurately between the fractured 

surfaces and there was no disturbanoe of the clot once 

it was formed. Photograph (#33) demonstrates the above 

described method of gelatine application. 
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Photographs (#28-31).- Show the stages in the evacuation 
of the hematoma and replacement of it by gelatine. 

Photograph (#28).- Shows the compression apparatus applied 
to the fractured bone. 
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Photograph (#29).- Shows the rubber cuff in place about 
the bone in the region of the fracture. The hematoma 
has been evacuated. 
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Photograph (#30).- Shows the edges of the rubber cuff held 
tightIy approximated with Allis Forceps, thus leaving a 
cylindrical opening in the cuff in the region of the fracture. 
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Photograph (#31).- Shows the gel, obtained after add1ng 
water to the gelatine which was placed about the fracture 
11ne. The gel 18 contained in the rubber cuff. 
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Photograph (#32).- Shows the final stage of the process, 
the rubber cuff has been removed and the gel trimmed sc 
that it extends for about an i of an inch on either side 
of the fracture line. 
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Photograpb (#33).- Shows the method of applying the 
gelatine to the fracture line witb the finger. 
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The only clinical observations possible on 

rabbits were those pertaining to the healing of the 

wound and the testing of the fracture site for union. 

Progress of bony union was followed at varying intervals 

by x-ray and famurs were removed, from time to time, for 

gross examination. In every case it waB noticed that 

the distal screw in the slot had moved proximally, 

proving that compression had been effective and that 

some bone resorption had occurred at the fracture line 

(this was also observed in the dog experiments). 

Photographs (#34-35) show the above phenomenon. The 

springs although covered by a layer of thin fibrous 

tissue contracted to almost their original length on 

removal. 

Femurs were then sent to pathology for 

fixation, staining and sectioning. 

Control groups were alao kept. These includedj 

1). Group B - fractures treated with compression, hematoma intact. 

2). Group C - fractures treated with bone plate, hematoma intact. 
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Photograph (#34).- Shows the effect of the compression 
force by the movement, toward the fracture line, of the 
distal screw in the slot. 
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Photograph (#35).- rs an enlargement of the previous 
picture to show more clearly the movement toward the 
fracture line, of the distal screw in the slot. 
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3). Group D - fractures treated with intra medulla~ nail, 

hematoma intact. 

Photograph #36 shows the type of intra medulla~ 

nail used in control Group D. 

Table #4, charts the results obtained in experiments 

using the compression apparatus with evacuation of the hematoma 

and replacement of it by gelatine. Tables 5, 6 and 7 chart 

the results obtained in the control groups. 

Careful study of the gross specimens, the x-ray films 

and the histological sections revealed that evacuation of the 

hematoma and replacement of it by gelatine did not have aoy 

effect on hastening the healing of fractures BO treated when 

compared with the control groups. The evacuation of the 

hematoma and replacement of it by gelatine did not however 

retard the healing of fractures sc treated. 

These experiments tend also to confirm the value 

of compression in the healing of fractures. 
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TABLE 114. 
GROUP A. 

FRACTURES OF IW!BIT FEMURS TREI\TED WIn! COMPRESSION APPARATUS - HEMATOMA EVACUATED AND REPLACED flY GELATINE. 

DATE OF ~Ins 
IW!BI'f1 Lm OPER'lf DEATH , I-RAY lUTOPS! PINDIHGS PlTHOLOGY 

9 Let't 24/52 1 Un-united Ua-united Ua-united 

22 • 16/53 
Beg1Dniug 

2 UD-united UniOD Ua-united 

Jan. Beg1.nniDg 
18 • 5/53. 3 Ua-united Uaioa Un-united 

1 cortex-unloa 
Jan. jdvanc1Dg jdYaDced Prog. unioll 

23 • 19/53 4 Union Union alOng otbar 
1 oortex-union 

}l'eb. ldvano1Dg 
33 • 6/53. 5 Union Union 

Prog. unioa 
dong otb .. 

F.b. Fibroua 
35 • 12/53. Ua-united Uaioa Union 
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TABLE 15. 
CONTROL GROUP B. 

~CTURES OF RABBIT F»roRS TRE1TED WITH THE OOMPRESSION APPARATUS - ~TOMA INTACT. 

DATE 01 'Tflf' 
IWlBITI Lm OPER'N DE1TH X-RU AUTOPSY FINDINGS P1THOlOOY 

Sept. 
2 Lett 18152. 1 Un-united Un-united Un-united 

Feb. 
29 • 3/53. 2 Un-united Un-united Un-united 

Oct. 
3 • 28/52. 3 Earl,. union Un-united Un-united 

Feb. ldvanciDg A4vancing 
JO " 3/53. 4 Union Un-united Union 

Feb. 
31 • 9/53. 5 United United United 

Feb. 
37 • 13/53. 6 United United United 
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TABLE 116. 
CONTROL GROUP C. 

FRACTURES OF RABBIT FEMURS TREATED WITH roNE PLATE - HEMATOMA INTACT. 
, 

ft 1111\0). 

DATE OF TILL 
RASBITI Lm OPER'N DEATH X-RAY AUTOPSY FINDINGS PATHOIOOY 

Jan. 
25 Lett 22/53. 1 Un-united Un-united Un-united 

Jan. 
24 • 21/53 • 2 Un-united Un-united Un-united 

Jan. 
28 n JO/53. 3 Un-united Earl,. sticking Un 4Ullted 

Feb. 
38 " 18/53. 4 Un-united Farly sticking Un-united 

March Advancing Beginning Advancing 
43 " 5/53. 5 Union Union Union 

Nov. 
10 • 22/52. 6 United Union United 
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TABLE 117. 
CONTROL GROUP D. 

FRACTURES OF RABBIT FEMURS TREATED WITH INTRA HEDULLARY NAIL - 'REMATOHA INTACT. 

DATE OF 
Il WKS. 
TILL 

RABBITI Lm OPER'N DEATH X-RAY AUTOPSY FINDINGS PATHOIOOY 

Jan. 
20 Left 13/53. 1 Un-united Un-united Un-united 

Jan. 
21 Il 13/53. 2 Un-united Un-united Un-united 

Dec. 
16 Il 15/52. 3 Early union Beginning union 

Dec. Adv8ncing 
15 Il 16/52. 4 Union Adv8ncing union AdvancinC uniol 

Jan. 
26 n 2!J/53. 5 Solid union Union Advanced union 

Feb. Advanced 
32 ft 6/53. 6 Union Union Adv8nced union 



77 

I//III!IIIIIIIIIIIIIIIIIIIIIIIIIII'."/IIII 1 1 Il 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 r 1 1 1 1 

8 TENTHS 9 1 0 1 1 1 2 

- ~ . • , . _ •• "r' " • • - ••• __ •• - .. .. __ • • • • • __ .- --... ---...,.i, . 

Photograph (#36).- Shows the type of intra medullary 
nail employed in our work on rabbits. 
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SUNNARY AND CONCLUSIONS 

To test the bypothesis that compression hastens 

the healing of fractures, three groups of experimental 

fractures in dogs have been devised. The first group 

was treated by plate immobilization and compression. 

The control groups were immobilized with bone plates 

or intra medullary nails. 

1). It was found that union occured more rapidly 

in the group treated with compression. 

To evaluate the role of the hematoma in the 

healing of fractures, tbree groups of experimental fractures 

in rabbits have been devised. The first group was treated 

by plate ~aobilization and compression with evacuation of 

the hematoma and replacement by gelatine. One control group 

was treated by plate and spring immobilization with hematoma 

intact. The other groups were immobilized with bone plates 

or intra medullary nails without compression and with hematoma 

intact. 

2). Evacuation and replacement of the hematoma with 



gelatine did not hasten the healing of fractures when 

compared with the control groups in which the hematoma 

was le ft intact. 

3). Healing did nevertheless occur in the 

group treated by evacuation and replacement of the 

hematoma with gelatine. 

4). Fractures treated with compression did 

show more rapid healing than those treated without 

compression. It is estimated from this work that 

compression cuts down the time required for healing 

by approximately 25%. 
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